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Model-Checking 

𝐴𝐺(¬ 𝐸𝑟𝑟𝑜𝑟) 

Error 

s1 s2 

∩ 
(s1,s2, v1=3, …) (…, error, …) 

⊨ 

(…, error, …) 
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Syntactical vs. Semantical Changes 

 

Error 

s1 s2 

Error 

s1 s2 

𝛿 

(s1,s2, v1=3, …) 

𝛿 

(…, error, …) 
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Semantical Models 

 

Error 

s1 s2 

(s1,s2, v1=3, …) 

Behavioral 
Calculus 

Error 

s1 s2 

(…, error, …) 

(…, error, …) 

(s1,s2, v1=3, …) 

Behavioral 
Calculus 

𝛿 
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A Short History of Behavioral Core Calculi 

 

𝜆-Calculus  
(1930) 

CCS 
(~1980) 

CSP 
(~1978) 

𝜆- Calculus  
+ Concurrency 
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CCS 

CCS Syntax 

 

CCS Structural Operational Semantics 

𝑎. 𝑃 
𝑃 = 𝑎. 𝑃 + 𝑏. 𝑃′ 

𝑎. 𝑃 

𝑎 

𝑏. 𝑃′ 

𝑃′ = ⋯ 

𝑏 
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Delta-oriented Software Product Lines 

 

+ 

Feature Model Core Product  
(Good Sensor, High Control) 

Deltas 
(Good Sensor => Simple Sensor) 

+ 
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Translation of State Machines into CCS 

 

Initial process for root state  
with sub machines 

parallel sub processes  
for sub machines 

one process constant per state with 
choice over outgoing transitions 
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CCS Deltas 

 

change process constant def. 
of state 

change transitions of state 
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Delta Dependency Graph 
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Formalizing the Notion of (Correct) Behavior 

 

 

 

 

 

What is φ?   

 

How to verify 𝜑 on CCS specifications 𝑃? 

 

What happens with  𝜑 in 𝛿 𝑃 ? 

temporal properties (safety, liveness) 

model checking 

it depends… 
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What is 𝝋? 

 

 

 

 

 

 

 

“[…] the system is intended to perform fast wiping whenever 
receiving the input heavy… […]”: 
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What happens with  𝜑 in 𝛿 𝑃 ? (1/4) 

 

 

 

 

 

 

Standard Congruence on CCS Terms: 

𝑃 + 𝑄 ≡ 𝑄 + 𝑃, 𝑃 + 𝑃 ≡ 𝑃, … 

𝑃 𝑄 ≡ 𝑄 𝑃, 𝑃|𝟎 ≡ 𝑃 

𝛼. 𝑃 + 𝑄  ≢ 𝛼. 𝑃 + 𝛼. 𝑄 

…. 

[Stirling et al.] 

[Milner et al.] 
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What happens with  𝜑 in 𝛿 𝑃 ? (2/4) 
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What happens with  𝜑 in 𝛿 𝑃 ? (4/4) 

 

 

[M. Lochau, S. Mennicke, H. Baller, L. Ribbeck: DeltaCCS: A Core Calculus for Behavioral 
Change, 2014] 
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Ongoing Work 

 

 Incremental SPL model-checker in MAUDE 

 

Define normal forms for (theoretically) optimal congruence 
application strategies 

 

Explore second DeltaCCS semantics for family-based SPL model 
checking 

 

 Interleave family-based and incremental SPL Test Suite Generation 

 

 


